Abstract
Introduction
Despite extensive researches focused on keloid mechanisms and treatment including the possible involvement of fibrogenic factors such as transforming growth factor-β (TGF-β) (1), insulin-like growth factor-1 (IGF-1) (2), and platelet-derived growth factor (PDGF) (3) as well as are well characterized by surface markers, cell proliferation, differentiation and regulation (6) . Lipid mediators such as cysteinyl leukotrienes are involved in human mesenchymal stem cell differentiation (7) . Keloid fibroblasts significantly enhanced the extracellular matrix (ECM) expression such as collagen type 1, fibronectin and PAI-1 under TGF-β and IGF-1 in dose-dependent manner (8) . Thus excessive ECM production from keloid fibroblast is targeted of therapy and pathogenesis. One example, a mouse systemic sclerosis model by daily bleomycin injection reversed the sclerotic cutaneous change by the intravenous administration from a keloid lesion was minced and placed on 100-mm culture plates, consisting of the same "basic medium" as hMSCs at 37°C in 95% humidified air and 5% CO 2 as previously established (2) . Normally, keloid-derived fibroblasts can be observed under a phase-contrast microscope after 2-week culture with 3-day medium change. The cells were passaged when 70 to 80% confluence was reached. Up to 5 passages from initial cell dissemination were used in this experiment.
As a control, normal human dermal fibroblasts (CCS-2511), which were oriented from two distinguished male, late teen-age early 20 years (19 years old and 21 years old) and Asian, were cultured using an FGM Bullet kit (CCM-3130), containing 500 ml of fibroblast basal medium supplemented with hFGF-2, insulin, FBS and gentamicin/amphotericin-B (manufactured by Cambrex Corporation, East Rutherford, New Jersey, USA and distributed by Asahi Technoglass Corporation, Tokyo, Japan), on 100-mm culture plates at 37°C in 95% humidified air and 5% CO 2 . After 24-hour incubation, the growth medium was changed to "basic medium" in accordance with hMSCs and keloid-derived fibroblasts. The growth medium was changed every other day until the cells were confluent, and they were then passaged up to 3 times. The cells were washed using 10 ml of phosphate-buffered saline (PBS) and then liberated by exposure to 0.25% trypsin/1mM EDTA (GIBCO, cat # 25200-056) for three minutes at 9 37°C, followed by tapping of the dishes and the addition of 5 ml of culture medium. The cells were centrifuged at 400 g, and then re-suspended in basic medium for the following experiments. The other cells were stored at -70°C until use in a solution containing 5% human serum albumin (IS Japan, Co., Ltd., Saitama, Japan, Cat # 9988) and 10% dimethylsulfoxide (DMSO, Sigma-Aldrich Japan K.K., Tokyo, Japan, Cat # 41641) according to the manufacturer's instructions.
Cell proliferation
Cell proliferation for keloid-derived fibroblasts and normal dermal cells was determined as previously established (11) . In short, 1×10 4 Electron microscopy (transmission electron microscopy, TEM and scanning electron microscopy, SEM)
For transmission electron microscopy (TEM), keloid tissues and basic medium containing hMSCs in 10% FBS were pre-fixed in half-strength Karnovsky fixative (pH 7.2, osmolarity 1,400 mOsm) buffer consisting of 2% paraformaldehyde and 2.5% glutaraldehyde in 0.1 M cacodylate buffer for 2 hours, post-fixed in 2% osmium tetroxide solution (pH 7.4), dehydrated using a conventional procedure and embedded in epoxy resin.
The hMSCs were cultured for four days in basic medium of low glucose DMEM supplemented with 10% FBS and 200mM L-glutamine, penicillin (100 U/ml) and streptomycin (100 μg/ml). The cells were first centrifuged, and then washed with PBS, and the pellets at the bottom of the tube were subsequently dissolved with fixative after washing with PBS. Embedded specimens were ultrathin-sectioned and double-stained with uranyl acetate and lead citrate. These sections were observed using a Hitachi H-7100 electron microscope (Hitachi, Tokyo, Japan) at 75 kV accelerating voltage.
Next, specimens of the cell culture insert, to which the hMSCs were attached on the reverse side, prepared for scanning electron microscopy (SEM), were dehydrated and dried by critical-point drying apparatus, HCP-2 (Hitachi, Tokyo) for scanning electron microscopy. Specimens in a 35mm tissue culture dish, 3000-035 (IWAKI, Tokyo) were dehydrated through an ethanol series and freeze dried in t-butyl alcohol in a Normal fibroblast failed to be chemoattracted to keloid-derived fibroblasts.
In the next step, to clarify either cell-to-cell or humoral interaction with keloid-derived fibroblasts, ultrastructural analyses with both a 3-μm pore membrane and direct monolayer co-culture demonstrated hMSC cellular changes toward cell differentiation, especially cytoplasmic structural changes toward myofibroblasts. Collagen fiber bundles were expressed and secreted in the dual-chamber assay and the cell morphology changed even more to myofibroblasts with abundant myofibers, rough endoplasmic reticulae and the secretion of collagen bundles. As a feature of predominant "myofibroblasts" in the keloid (13) , our data supported these characteristics as well as the invasion observed in IGF-I pathways (2) There was significant cell migration when keloid-derived fibroblasts were placed in the bottom chamber compared to the use of normal dermal fibroblasts (p<0.01) and 8-μm pore membranes. hMSCs were able to pass through even 3-μm pore membranes when keloid-derived fibroblasts were used but very few with normal dermal fibroblasts. More than 10-μm-diameter hMSCs were able to pass through the 3-μm diameter pores. The cytoplasm developed a rough endoplasmic reticulum (×5,000). 
